Differential phase contrast (DPC) imaging, which utilizes phase shift information of X-ray, has the potential of dramatically increasing the contrast in biological sample imaging compared to attenuation-based method that relies on X-ray absorption information, since the X-ray phase is much more sensitive than the attenuation during transmission. In a DPC imaging system, the phase stepping method is widely used to obtain DPC images: at each angle the phase grating is shifted incrementally to produce a set of images and then the so obtained images are used to retrieve DPC image. However, DPC imaging requires a high mechanical precision to perform phase stepping, which is generally one order higher than the period of phase grating. Given that phase grating period is generally 2-4 um, the requirement of mechanical accuracy and stability are very demanding (<0.5um) and difficult to meet in a system with rotating gantry. In this paper, we present a method that is able to greatly relax the requirement of mechanical accuracy and stability by stepping the source grating rather than the analyzer grating. This method is able to increase the system's mechanical tolerance without compromising image quality and make it feasible to install the system on a rotating gantry to perform differential phase-contrast cone beam CT (DPC-CBCT). It is also able to increase the grating shifting precision and as a result improve the reconstructed image quality. Mechanical tolerance investigation and image quality investigation at different phase stepping schemes and different dose levels will be carried out on both the original modality and the new modality, the results will be evaluated and compared. We will deliberately create random mechanical errors in phase stepping and evaluate the resulting DPC images and DPC-CBCT reconstructions. The contrast, noise level and sharpness will be evaluated to assess the influence of mechanical errors. By stepping the source grating, the system is expected to tolerate an error of 6-7 times bigger than that with analyzer grating stepping.
INTRODUCTION
Differential phase contrast cone-beam CT (DPC-CBCT) is promising as the next breakthrough in the field of medical xray imaging and CT imaging [1] [2] [3] [4] [5] . Unlike conventional CT, DPC-CBCT utilizes the phase information of x-rays, which is expected to be more sensitive that the attenuation in x-ray amplitude and to provide better details of contrast. It has the potential to further enhance both contrast resolution and spatial resolution in soft tissue imaging with a comparable dose level as that for absorption-based CBCT.
Phase stepping is widely used to retrieve the phase information, and literatures [1] [2] [3] [4] [5] suggest shifting either the phase grating or the analyzer grating N times (N>=3) to cover the distance of one period of the self image. At each step, an intensity image is acquired, and finally the N steps images are processed to retrieve the phase information. Due to the short coherence length of an x-ray system, the analyzer grating period normally resides in the proximity of several microns, and thus to shift the phase grating by precisely 1/N of the period requires high mechanical precision. In our system, the self image has a period of 4 micron, which means each step of phase shift is 0.5 micron for an eight-step scheme. Therefore the tolerance of mechanical precision is low, e.g. by no means could go beyond 0.5 micron. Such a precision can be realized in a bench-top system on top of an optical table, where the mechanical precision can be very good and vibrations are minimized during imaging procedure. However, for the purpose of future development of a rotary-gantry DPC-CBCT system, such a precision is very difficult to achieve at a reasonable cost. To relax the requirement of mechanical precision, we propose a source grating stepping method to retrieve the phase information for a DPC-CBCT system using a hospital-grade x-ray tube coupled with a source grating. In order to acquire the N step images, we propose to shift the source grating N times, each 1/N of the source grating's period. The same physics and mathematics are used to retrieve the differentiated phase image. By shifting the source grating, which enjoys a much larger period than the self image, the requirement of mechanical precision can be greatly loosen.
This approach was validated using the bench-top DPC-CBCT system built in the Cone Beam CT Imaging Lab at the University of Rochester. A cylinder phantom was used in this research and the result indicated that source grating stepping approach is capable of producing comparable image quality as that acquired by phase grating/analyzer grating stepping approach.
The next section describes the phase stepping approach and the experiment setup to implement the phase stepping scheme. Section 3 shows preliminary DPC-CBCT reconstructions and quantitatively compares the results of source grating stepping (without error and with random error) and phase grating stepping. Section 4 concludes this research. The principle of differential phase-contrast imaging using phase stepping approach has been well documented elsewhere [2] [3] and it is briefly reviewed in this manuscript. A general hospital-grade x-ray tube cannot be used for phase contrast imaging because of its large focal spot size and thus very short coherence length. However, the DPC imaging technique is able to produce one-dimensional spatial coherence by applying an absorption grating (the source grating G0) to a hospital-grade x-ray tube. The gold line patterns of G0 can absorb almost all x-ray photons impinging on them while the grooves in between let all the x-ray photons pass through. Thus the source grating divides a large focal spot x-ray source into several narrow line sources. Each of these line sources is able to produce sufficient spatial coherence at the direction perpendicular to the lines while they are mutually incoherent. When proper parameters are chosen, these lines sources contribute constructively in the imaging process. The phase grating and the analyzer grating work as a shearing interferometer. The phase grating shows negligible absorption but substantial phase shift, dividing the x-ray beam into two first diffraction orders. The refracted beams then interfere and form periodical fringes at a fractional Talbot distance where the analyzer grating is placed. The period of the analyzer grating is chosen the same as the period of fringes, which is half of the period of the phase grating at the fractional Talbot distance. If the incident x-ray beam encounter an object before it reaches the phase grating, its wavefront will be perturbed by the object, leading to local displacement of the fringes. To retrieve the encoded phase information, the analyzer grating is then shifted within one grating period at several steps, and at each step an intensity image is recorded using an x-ray detector that has a pitch larger than the fringe period. Thus the recorded intensity images shows no fringe patterns but they are modulated based on the position of the analyzer grating, and the DPC image can be calculated using the phase stepping algorithm from these intensity images. A DPC image is contrast enhanced along the direction perpendicular to grating grooves as theoretically it shows 
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CONCLUSION
To improve the tolerance of mechanical errors, we investigated the method of source grating stepping in DPC-CBCT imaging. The bench top DPC-CBCT system enjoys much higher mechanical stability with source grating stepping due to 7x large step size. It has been demonstrated that the source grating stepping method could withstand up to, though not limited to, a random error of +/-0.5 micron in each step, which equals to the whole step of phase grating stepping approach. The measured image quality from the source grating stepping approach is comparable to that from the phase grating stepping. And we believe it can be improved with better source grating uniformity and system alignment. The result of this research greatly relaxed the mechanical precision required for a DPC-CBCT system, which will directly benefit future development of rotary-gantry system, where a high mechanical precision as that on an optical table cannot be achieved for a rotating imaging chain.
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